Familial isolated primary hyperparathyroidism (FIPH) is associated with multiple endocrine neoplasia type 1 (MEN1) syndrome, primary hyperparathyroidism accompanied by jaw-tumor syndrome, and familial hypocalciuric hypercalcemia. FIPH may be an early stage of MEN1 or an allelic variant of MEN1. Thymic carcinoid tumor is a rare tumor in MEN1 syndrome. Here, the authors report the case of a 40-year-old man diagnosed with recurrent thymic carcinoid tumor and FIPH. Both the patient and his elder sister had been previously diagnosed to have FIPH with a novel frameshift mutation in the MEN1 gene. Initially, the patient underwent thymectomy because of an incidental finding of a mediastinal mass in his chest X-ray, and had remained asymptomatic over the following 4 years. Pancreas computed tomography conducted to evaluate MEN1 syndrome revealed anterior and middle mediastinal masses, and resultantly, massive mass excision was performed. Histological findings disclosed atypical carcinoids with infiltrative margins. In view of the thymic carcinoid tumor relapse that occurred in this patient, the authors recommend that regular pancreas and pituitary imaging studies be conducted for FIPH associated with a MEN1 gene mutation.
INTRODUCTION
Primary hyperparathyroidism (PHPT) is usually non-familial [1] , but approximately 10% of cases manifest as multiple endocrine neoplasia types 1 (MEN1) or 2 (MEN2), familial hypocalciuric hypercalcemia, PHPT-jaw tumor (JT) syndrome, or familial isolated primary hyperparathyroidism (FIPH) [2] . FIPH is defined as hereditary PHPT without involvement of other diseases or tumors, and occurs as an early manifestation of MEN1 or of an allelic variant of the MEN1 gene [3] . Thymic carcinoid tumors are rare neuroendocrine tumors with a prevalence of 2.6 to 5% in MEN1 [4] . Thymic carcinoid tumor is usually encountered in men (93%) of mean age 43 years at diagnosis [5] . When it occurs in MEN1, this carcinoid tumor shows more aggressive patterns, such as, tissue invasion and distant metastasis, than sporadic thymic carcinoid tumor. In this report, we present a case of a recurrent thymic carcinoid tumor in FIPH with a novel MEN1 gene mutation.
CASE
In 2012, a 40-year-old man was admitted to our hospital for surgery of a recurrent carcinoid tumor. In 2004, he had been diagnosed to have a thymic carcinoid tumor, which was detected by health-screen chest computed tomography. At that time, his serum calcium was elevated, but not further evaluated. In 2007, his older sister had been diagnosed with papillary thyroid cancer, and during preoperative evaluation, had been diagnosed to have PHPT with multiple parathyroid involvement.
On admission serum calcium and parathyroid hormone (PTH) levels were checked to evaluate familial hyperparathyroidism. His serum calcium and phosphate levels were 11.7 and 2.4 mg/dL, respectively, and his intact PTH(iPTH) level was 136.3 pg/mL. He also was diagnosed as having PHPT. Neck ultrasound examinations were carried out using a commercially available scanner equipped with a 12-MHz transducer (HD11, Philips Medical Systems, Eindhoven, the Netherlands), and multiple parathyroid nodules were detected in parathyroid glands. Parathyroidectomy was performed, and subsequent parathyroid pathology showed parathyroid hyperplasia in multiple parathyroid glands (Fig. 1) .
Based on clinical findings and the patient's family history, FIPH was diagnosed.
MEN1 gene mutation was evaluated as a possible genetic etiology of FIPH, and direct sequencing detected a novel frameshift mutation in exon 10 of the MEN1 gene in both the patient and his older sister. Both were then screened by abdominal computed tomography (CT) and pituitary magnetic resonance imaging (MRI) for pituitary and pancreas lesions. An anterior mediastinal mass, suspected to be a thymic tumor, was detected in an abdominal CT chest-slice (Fig. 2) , but pituitary MRI revealed no mass lesion. Based on his thymic carcinoid tumor operation history, the mass was presumed to be a recurrent thymic carcinoid tumor. Surgery was recommended, and the patient was admitted to our Chest Surgery Department for a thymic tumor operation. The results of his preoperative biochemical tests were as follows: serum calcium, 9.4 mg/dL (reference range, 8.2-10.2 mg/dL); albumin, 3.7 g/dL (reference range, 3.5-5.1 g/dL); inorganic phosphate, 4.7 mg/dL (reference range, 2.5-4.5 mg/dL); and iPTH, 3.0 pg/mL (reference range, 12-72 pg/mL). In addition, we also measured the levels of relevant hormones, but there were no abnormal findings (results are summarized in Table 1 ). Two tumor pieces were obtained for light microscopy and immunohistochemistry pathological studies. Grossly, the tumor was a light brown encapsulated mass measuring 7.5×5.5 ×4 cm. Histopathologically, the tumor had tubular or solid nest patterns and an infiltrative margin (Fig. 3) and a mitotic index of 3 high-power fields.
Immunohistochemical study revealed that tumor tissues were positive for; CD 56, neurone-specific enolase, chromogranin, and synaptophysin. The Ki67 labeling index was 5%. Accordingly, the mediastinal tumor was diagnosed as an atypical carcinoid tumor. The tumor was not totally removed because of adjacent organ invasion. Postoperatively, radiation therapy was administered to the residual tumor, and at last follow-up (12 months postoperatively) no change in tumor size was noted. Fig. 3 . Histologic findings of carcinoid tumor. Tumor cells had uniform cuboidal nuclei and eosinophilic cytoplasm and were arranged in tubular or solid nest patterns (H&E stain, ×200).
DISCUSSION
In the described case, a thymic carcinoid tumor recurred in FIPH. These tumors originate from foregut, are relatively rare, and are usually non-functioning tumors that are detected incidentally because they do not present as carcinoid syndrome and are asymptomatic [6] . Carcinoid tumors are associated with MEN1, in which they have a prevalence of 2.6 to 5%, and show a male predilection (93%) and a mean onset at age 43 years [4] . Thymic carcinoid tumor is known to have high rates of metastasis and recurrence. Pleura is a frequent site of recurrence and distant metastasis to brain is common [7] . Thymic carcinoid tumors associated with MEN1 have a poorer prognosis than the sporadic form, because they more frequently show extrathymic invasion, distant metastasis, and recurrence after operation [8] . Furthermore, recurrent thymic carcinoid tumors are among the most common causes of death from MEN1, and as yet, they cannot be effectively treated. Teh et al. [9] recommended chest CT or MRI for the early diagnosis of thymic carcinoid tumors, and prophylactic thymectomy during parathyroidectomy in MEN1 patients.
In the described case, the recurrent thymic carcinoid tumor exhibited an aggressive pattern and had invaded the heart, and thus, complete removal was not possible. The disease may have been caused by a MEN1 gene mutation, as germline mutations usually result in MEN1 [12] , although our patient was not a MEN1 patient. Our patient showed a novel frameshift mutation in the MEN1 gene. This gene is localized to human chromosome 11q13 and consists of 10 exons that encode a 610-amino acid nuclear protein, a MEN1, which participates in transcriptional regulation, genome instability, cell division, and cell proliferation [10, 11] . Lemos et al. [12] identified 1,336 MEN1 sequence abnormalities (1,133 germline mutations and 203 somatic mutations) in the National Center for Biotechnology Information PubMed literature database. Furthermore, the majority of mutations identified were nonsense and frameshift mutations, which predict premature protein truncation.
FIPH may be an early stage of MEN1 or an allelic variant of MEN1. Familial hyperparathyroidism belongs to a clinically and genetically heterogenous group of disorders, which include MEN1, MEN2, familial hypocalciuric hypercalcemia, PHPT-JT syndrome, and FIPH. Hannan et al. [13] recommended that a MEN1 gene mutation test be performed promptly on PHPT patients that have first-degree relatives with PHPT or hypercalcemia. We examined the MEN 1 gene mutation, because our patient did not exhibit the clinical manifestations of PHPT-JT syndrome, and in so doing identified a new frameshift mutation in our patient and his older sister. In fact, several mutations of the MEN1 gene have been reported in PHPT patients [6, 11] .
Imaging studies failed to reveal any pancreatic or pituitary mass lesion in our patient or his sister, and pancreatic and pituitary hormone test results were normal in both. However, because they were positive for MEN1 frameshift mutation, follow up imaging and hormone tests were instituted to monitor the statuses of the pancreatic and pituitary glands.
In conclusion, we suggest an initial MEN1 gene mutation test be conducted in PHPT patients that have first-degrees relatives with PHPT or hypercalcemia. Furthermore, in PHPT patients with a MEN1 gene mutation, we recommend thorough evaluations be conducted to eliminate the possibilities of pituitary, pancreatic, cricoid, and thymic carcinoid tumors.
